treated nets be encouraged among pregnant women resident in malaria-endemic sub-Saharan Africa in order to reduce malaria transmission.
Introduction
Children and pregnant women living in sub-Saharan Africa bear a disproportionate burden of malaria [1, 2] . Women in their first or second pregnancy are known to be relatively more 'at risk' than multiparous women [3] and HIV-positive pregnant women have increased susceptibility [4] [5] [6] . Successful transmission and continued circulation of the malaria parasite requires ingestion of viable gametocytes by the female Anopheles mosquito during ingestion of blood. Profiling gametocyte carriage will aid efforts aimed at malaria control [7] . Since pregnant women have increased susceptibility to malaria infection [8] [9] [10] [11] , they would be expected to have a higher gametocyte carriage rate in an area hyperendemic for malaria.
Intermittent preventive treatment with sulphadoxinepyrimethamine is known to protect against the adverse consequences of malaria in pregnancy, thereby reducing the incidence of malaria episodes, malaria anaemia and poor obstetric outcome [11] . Based on the recommendation of the WHO, Nigeria, like other countries in subSaharan Africa, has adopted intermittent treatment with sulphadoxine-pyrimethamine in pregnancy, although access remains poor. Resistance to sulphadoxine-pyrimethamine is widespread and precludes its use as monotherapy; the drug also encourages gametocyte generation [12] . The primary objective of this study was to compare gametocyte carriage between pregnant women users and non-users of sulphadoxine-pyrimethamine as intermittent preventive treatment.
Patients and Methods

Location of the Study
This non-interventional observational study was conducted at a public secondary health facility in Ibadan, Oyo State, south-west Nigeria. Ibadan lies between 7.3°N latitude and 3.4°E longitude in the Guinea Savannah belt with an average rainfall of about 1,250 mm annually. Rainfall occurs from April through October each year, a period which coincides with the higher intensity of malaria transmission, which reflects the breeding rhythm of the Anopheles vector. The Research and Ethics Committee of the Oyo State Ministry of Health, Ibadan, approved the study, which lasted from January 2009 through July 2010. All consenting pregnant women attending the antenatal clinic were eligible for enrolment.
Enrolment and Conduct of the Study
Recruitment lasted from January 2009 to July 2010. Only confirmed pregnant women attending the antenatal clinic for the first time during the current pregnancy who consented were enrolled. All participants were interviewed by the investigators (F.A.F., S.B.A.) with a view to eliciting relevant obstetric and sociomedical history including malaria-preventive measures undertaken by them. Obstetric and other general examinations were carried out by the medical and nursing staff of the hospital as well as two of the investigators (F.A.F., S.B.A.). Upon enrolment and during subsequent visits, a physical examination was conducted and history recorded for each participant. During visits, particular note was taken of whether or not participants accessed intermittent preventive treatment in pregnancy with sulphadoxine-pyrimethamine (IPTp-SP) and relevant variables were consequently compared between the 2 'natural' groups. All the participants underwent the following tests: serology for ABO and Rhesus blood groups, syphilis as well as HIV status, according to the standard protocol used at public health facilities in Nigeria. In addition, thick and thin blood smears for quantification and speciation of malaria parasites were prepared from finger pricks following strict asepsis procedure. One or two drops of blood were spotted on filter paper for the purpose of PCR determination of parasite species and submicroscopic parasitaemia at a later date. Blood was collected into a heparinized capillary tube for determination of haematocrit using Hawskey TM Microhaematocrit centrifuge and read on the microhaematocrit reader. Subsequent visits of participants were governed by routine obstetric care of the hospital; for example, monthly visit until week 28, biweekly visit between 28 and 36 weeks, and weekly thereafter until delivery.
Screening and Quantification for Malaria Parasitaemia
Screening and quantification for the malaria parasite followed the staining of air-dried thick smear using 10% freshly prepared Giemsa stain at pH 7.2. All slides were screened and quantified by a trained technologist and reviewed by either of 2 of the investigators (F.A.F./S.T.B.) who are skilled in basic malaria microscopy. No smear was declared negative until at least 100 oil immersion fields had been examined and whenever differences existed, the opinion of the third investigator became mandatory for a decision to be taken.
Quantification of Asexual and Sexual Forms of Plasmodium falciparum
Parasite density was determined on thick blood smear by counting all asexual and sexual stages against a minimum of 500 white blood cells or 500 asexual forms, whichever occurred first. Parasite density was thereafter obtained using the following formula, assuming a white cell count of 8,000/ l of blood [13] .
number of parasites 8,000 Parasite density number of white blood cells
Statistical Analysis
The primary outcome measure was the presence of gametocytes in the peripheral blood films of the participants who attended the antenatal follow-up clinic while anaemia was considered as secondary outcome. Data obtained were fed into the SPSS version 15 statistical package comparing categorical parameters like presence or absence of gametocytes using the 2 test while continuous variables such as age were compared using Student's t test. A p value of less than 0.05 was taken as statistically significant.
Results
Sociobiological Characteristics and Peripheral Asexual Parasitaemia
The total number of visits by the 306 women was 711, while frequency of asexual malaria parasite positivity was 147 (20.7%). All of the women attended 2 clinic visits, 81 were available for 3 visits, and 18 were seen 4 times. The mean number of clinic visits was 2.3 8 0.6. The mean age was 26.7 8 5.1 years and mean parity was 1.1 8 1.2 ( table 1 ). Eighty-four (27.5%) pregnant women accessed intermittent preventive treatment, whereas 222 (72.5%) did not.
Of the 306 women, 96 (31.4%) were positive for asexual malaria parasite at the antenatal booking clinic. At subsequent clinic visits, that is, 2nd, 3rd and 4th, 14.7% (45/306), 7.4% (6/81) and 16.7% (3/18) of the women were positive for malaria merozoites, respectively. The proportion of nulliparous women with peripheral asexual para-sitaemia was significantly higher than that of multiparous women [57/135 (42.2%) vs. 39/171 (22.8%); p = 0.004], although no difference was found in the mean asexual parasite density. At booking, 12 (14.3%) of the 84 women in the IPTp-SP group were positive for malaria merozoites, whereas during subsequent visits, none had patent peripheral parasitaemia. On the other hand, 84 (37.8%) of the 222 IPTp-SP nonusers were positive for the asexual forms at booking, and 45/222 (20.3%), 6/45 (13.3%) and 3/9 (33.3%) were positive during the 2nd, 3rd visit and 4th visits, respectively.
Thirty-three women were positive twice such that 30 were positive at booking and at the 2nd visit, while 3 individuals were found to be positive at booking and at the 4th visit. The sociobiological characteristics of women who were merozoite-positive on more than one occasion are summarized in table 2 .
IPTp-SP and Pure Gametocytaemia
Pure gametocytaemia was documented in 18 women during the antenatal booking visit and in 31 others during subsequent visits. The mean number of gametocytes was 180 (range, 60-320/ l of blood). None of the IPTp-SP users had gametocytaemia at entry, but 27 of the 31 pure gametocytaemic episodes during the 2nd through 4th visits were recorded in women who had had at least 1 dose of sulphadoxine-pyrimethamine while the remaining 4 episodes involved pregnant women who did not receive any dose of sulphadoxine-pyrimethamine (27/129 vs. 
Haematocrit (Packed Cell Volume and IPTp-SP)
The mean haematocrit of all the women at booking was 29.2 8 4.5% and subsequently 30.4 8 4.6% (n = 306), 
Discussion
This observational study is probably the first attempt at profiling gametocytaemia in pregnant women who are exposed to IPTp-SP in our area of study. The sociobiological characteristics of the study population bear a resemblance to established epidemiology of malaria in the population of pregnant women resident in Nigeria. For example, a higher incidence of malaria was recorded among nulliparous compared to multiparous women with most cases present in the second trimester [8, 9] . It is also an established fact that IPTp-SP reduces malaria merozoites, the incidence of malaria anaemia, and improves pregnancy outcome [14, 15] . However, little or no attention has been directed at the propensity of sulphadoxine-pyrimethamine for the generation of gametocytes [12] . Reference must be made to the relatively poor access of malaria-preventive measures such as ITN and IPTp, both of which are known to be protective and have been recommended. That less than a third of the participants in this study were documented to have access to at least one dose of sulphadoxine-pyrimethamine and even poorer access to ITN is very worrisome.
Sulphadoxine-pyrimethamine has been documented to have a propensity for gametocyte generation when used in the treatment of acute uncomplicated malaria in children [11] . It has also been observed that gametocyte carriage in pregnant women resident in a malaria hyperendemic area is similar to the findings in children [16] . In the present study, it was observed that women IPTp-SP users had a higher incidence of gametocytaemia than IPTp-SP non-users with advancing pregnancy. The significance of this finding, if confirmed by larger studies, is that the use of sulphadoxine-pyrimethamine for IPTp though valuable in protecting adherents, may enhance malaria transmission and therefore defeat its own purpose in the long term. It is noteworthy that access to ITN was very low, thus further negatively impacting malaria control efforts as the female Anopheles mosquito vector may pick up viable gametocytes more easily and consequently transmit malaria. The fact that there is widespread high-grade resistance to sulphadoxine-pyrimethamine further complicates the matter, as it may mean that such circulating gametocytes are resistant to the drug. The result is that the use of sulphadoxine-pyrimethamine for presumptive treatment may be short-lived. Concerted efforts should therefore be directed at sourcing alternative drugs for IPTp. In addition, there is an urgent need to drastically improve access to ITN, particularly among pregnant women and young children who are resident in hyper-/holo-endemic malaria regions.
Although this non-interventional study involving only a few hundred participants may lack substantial power, therefore a limitation, it clearly suggests that adequate safeguards may yet be lacking in the IPTp-SP regimen and malaria control in sub-Saharan Africa. Larger epidemiological studies to address the subject of gametocytogenesis during IPTp-SP and gametocyte viability studies will be urgently needed as part of efforts aimed at reducing malaria morbidity and mortality.
Conclusion
This study suggests that IPT-SP may promote gametocyte generation when used by pregnant women residing in an area hyperendemic for malaria.
